We report the discovery of two ultra-faint satellites in the vicinity of the Large Magellanic Cloud (LMC) in data from the Magellanic Satellites Survey (MagLiteS). Situated 18
INTRODUCTION
Over the past several decades, the quest for ultra-faint Milky Way satellite galaxies has been driven by large, multi-purpose digital sky surveys. The Sloan Digital Sky Survey (SDSS; York et al. 2000) and the Dark Energy Survey (DES; DES Collaboration 2005) have greatly advanced our understanding of the ultra-faint galaxy population; however, neither survey was targeted with this science goal in mind. Thus, one of the most promising regions for finding ultra-faint galaxies has remained largely unexplored. The region around the Magellanic Clouds is expected to be littered with small satellites as a byproduct of hierarchical galaxy formation (e.g., Springel et al. 2008; D'Onghia & Lake 2008; Nichols et al. 2011; Sales et al. 2011; . Indeed, the recent discovery of a large number of ultra-faint galaxies in DES data near the Clouds has provided strong support for this hypothesis (Koposov et al. 2015; Bechtol et al. 2015; Drlica-Wagner et al. 2015; Kim & Jerjen 2015b) .
The peculiar alignment of (some of) the DES satellites with the Large and Small Magellanic Clouds (LMC and SMC) has been scrutinized in several studies. As first pointed out by Koposov et al. (2015) , under the assumption of isotropy, an overdensity of 9 objects around the LMC -as revealed in the DES Year 1 imaging -is unlikely to occur by chance. This conclusion is echoed by Drlica-Wagner et al. (2015) , who support their conclusion with the discovery of 8 additional satellites in an adjacent part of the sky. Deason et al. (2015) study the accretion of LMC analogs in a suite of cosmological zoom-in simulations of a Milky Way-mass halo and point out that an excess of satellites around the Clouds would imply recent accretion of the Magellanic system onto the Galaxy. A different approach is taken by Jethwa, Erkal & Belokurov (2016, J16 hereafter) , who model the distribution of objects within the DES footprint as a mixture of the virialized Milky Way population and the accreted satellites of Magellanic origin. Instead of relying on a small number of cosmological simulations with satellites broadly resembling the LMC (e.g., Sales et al. 2011; Deason et al. 2015; Sales et al. 2017) , they follow Nichols et al. (2011) to create a framework within which the observed properties of the Clouds are reproduced. The model includes the response of the Galaxy to the in-fall of its most massive satellites (e.g., Gómez et al. 2015) , as well as the dynamical friction experienced by the LMC and SMC (e.g., Kallivayalil et al. 2013) . By accounting for selection biases, marginalising over the observational errors and, most importantly, by using a fully probabilistic approach, J16 demonstrate that between one-third and one-half of the dwarfs discovered in the DES could have been delivered by the LMC.
According to the model of J16, before accretion onto the Galaxy, the LMC could have harbored as many as ∼70 faint dwarf satellites. Because the Clouds have only recently been accreted onto the Milky Way, many of their stripped sub-systems have not had much time to scatter across the sky. As J16 show, even if they have already been tidally stripped from the LMC, many of the satellites with Magellanic origins are still to be found in its vicinity. Given that a difference in energy and angular momentum exists between the LMC and its satellites, some time after grav- itational release the latter will have moved along the progenitor's orbit, thus populating leading and trailing arms of tidal debris. The extent and the overall density of the clouds of stripped satellites around the LMC and the SMC can be used to place stringent constraints on the masses of the Magellanic Clouds as well as their orbital history in the Milky Way potential. Additionally, the census of the Magellanic satellites would enable a unique approach to deciphering low-mass structure emergence, perhaps shedding unexpected new light on the nature of the so-called ultra-faint dwarfs (see, e.g., D 'Onghia & Lake 2008; Belokurov 2013) . It is with these ideas in mind that the Magellanic SatelLites Survey (MagLiteS) was conceived. MagLiteS covers a previously unexplored region of the Magellanic neighborhood outside of the DES footprint. The survey uses the Dark Energy Camera (DECam; Flaugher et al. 2015) on the Blanco 4m telescope at Cerro Tololo Inter-American Observatory in Chile to map ∼ 1200 deg 2 near the south celestial pole. In this context, Drlica-Wagner et al. (2016a) announced the discovery of the Pictor II satellite in Run 1 of MagLiteS, comprising roughly one-quarter of the expected MagLiteS data set. Note that according to the best-fit model reported by J16, once the survey is completed, a total of ∼5 satellites are expected, of which ∼ 4 should be from the Magellanic Clouds.
In this paper we present the discovery of two additional satellites in the imaging procured by MagLiteS: Carina II and III. Curiously, these two new ultra-faint objects form a tight pair on the sky, sitting within 18 ′ of each other. The pair also appears relatively close along the line-of-sight: their 3D separation is ∼8 kpc, while the two are ∼30 kpc from the Milky Way and ∼18 kpc from the LMC. Thus, it is reasonable to ask whether there is or was any physical association between them, and/or with the LMC. Naturally, before any link between the galaxies is claimed, spectroscopic follow-up is required. Additionally, we can use the J16 predictions for the satellite's line-of-sight velocity to address their association to the Magellanic Clouds.
Note, however, that despite the rigour and the complexity of the analysis presented in J16, they fail to reproduce the details of the DES satellite distribution. Broadly speaking, the spatial density model does not describe the data well on angular scales of ∼ 10
• . The mismatch between the data and the model is largest at lower Magellanic latitudes, or BMS, as defined in the coordinate system linked to the gaseous Magellanic Stream (see . On closer inspection, it appears that a substantial number of DES satellites are arranged in what resembles a planar configuration. This structure contains seven DES satellites as well as the LMC and the SMC. The thickness of this slablike distribution is < 3 kpc, but the extent is 90 kpc. J16 estimate that there is a 5% probability for this arrangement to happen by chance. Remarkably, all three recent discoveries by MagLiteS, i.e., Pic II (Drlica-Wagner et al. 2016a) and Carina II and III reported here, lie very close to the plane uncovered by J16.
Our findings on Carina II and III are presented in two separate papers concentrating on the photometric and spectroscopic analysis, respectively. This work (Paper I) is organized as follows: in Section 2 we describe the MagLiteS data and give the details of the discovery. Section 3 describes additional observations acquired with DECam and the time-series analysis of these data. Section 4 presents the structural and stellar population modeling of the two new satellites. Finally, Section 5 discusses the possible origin of the Car II and III pair. The spectroscopic characterization of Carina II and III is presented in Li et al. (2017) .
DISCOVERY

MagLiteS Data
In this paper, we use g and r-band data from the first MagLiteS observing run (R1) taken over six half-nights between 10 February 2016 and 15 February 2016. These data were reduced and processed by the DES Data Management system using the pipeline developed for the yearthree annual reprocessing of the DES data (Sevilla et al. 2011; Mohr et al. 2012; Morganson et al. 2017) . Source detection and photometry were performed on a per exposure basis using the PSFex and SExtractor routines (Bertin 2011; Bertin & Arnouts 1996) . Astrometric calibration was performed against the UCAC-4 catalog (Zacharias et al. 2013) using SCAMP (Bertin 2006) . The SExtractor source detection threshold was set to detect sources with S/N 5. Photometric fluxes and magnitudes refer to the SExtractor PSF model fit. The median 10σ limiting depth of MagLiteS is 23 mag in both bands, which is roughly comparable to the first two years of imaging by DES (Drlica-Wagner et al. 2015) .
Cross-Matched catalogs were assembled by performing a 1" match on objects detected in individual exposures. Stellar objects were selected based on the spread model quantity: |wavg spread model r| < 0.003 + spreaderr model r (see e.g., Drlica-Wagner et al. 2015; Koposov et al. 2015 , for details).
Photometric calibration was performed by matching stars to the APASS catalog on a CCD-by-CCD basis (Drlica-Wagner et al. 2015) . Extinction from interstellar dust was calculated for each object from a bilinear interpolation of the extinction maps of Schlegel, Finkbeiner & Davis (1998) . We followed the procedure of Schlafly & Finkbeiner (2011) to calculate reddening, assuming RV = 3.1; however, in contrast to Schlafly & Finkbeiner (2011) , we used a set of A b /E(B − V ) coefficients derived by DES for the g and r bands: Ag/E(B − V ) = 3.683 and Ar/E(B − V ) = 2.605.
Discovery
Carina II and III were discovered by applying a version of the satellite search algorithm described in Torrealba et al. (2016b) to the MagLiteS data. In short, the algorithm computes the local stellar density and an estimate of the local background by convolving the star count map with two two-dimensional Gaussian kernels. A large kernel with σo = 60 ′ is used for the background estimation, which is then subtracted from a suite of 5 different small kernels with
′ used for the local density estimation. Different σi are used to detect satellites of different apparent sizes, since the search is more sensitive to overdensities with extents similar to that of the kernel (Koposov et al. 2008) . Prior to spatial convolution, we select stars using an isochrone mask that picks out a specific stellar population at a particular distance. In the analysis presented here, we use a single PARSEC isochrone (Bressan et al. 2012) with [Fe/H] = −2 and an age of ∼ 12 Gyr. To detect stellar systems at different distances, the isochrone is shifted to 36 different distance moduli between 16 m − M 23, corresponding to satellites with heliocentric distances between ∼ 16 D 400 kpc. The significance, S, of an overdensity is then estimated by comparing the results of the convolution with the expected variance.
In the current implementation, we also derive a local significance to calibrate candidate identification in areas where the variance is underestimated. This is particularly relevant for the MagLiteS dataset, given its proximity to the LMC -a portion of the sky with a highly variable background. Rapid fluctuations in the stellar density field break the assumptions underlying the overdensity search as described above, and bias the estimates of the local background and its variance. To avoid a large number of false positives in areas close to the LMC, we introduce the local significance, SL, based on the properties of S around an overdensity:
where S(0) is the significance at the center of an overdensity, and S d<σo are the significances for all pixels within σo from the center. In areas where the variance is underestimated, S is overestimated and then S d<σo ≫ 0, which means SL ≪ S. This allows us to cull false positives by simply selecting overdensities that have both large S and large SL. Figure 1 displays the values of S and SL for all overdensities that pass our minimum significance cut and are located sufficiently far from both the Galactic plane (|b| > 12
• ) and the LMC (DLMC > 10
• ). Previously known objects are shown in blue, while unidentified candidates are shown as black points. In gray we show a small number of overdensities associated with obvious data artifacts that had to be removed manually 1 . The two newly discovered objects that are the focus of this paper are shown in red. These systems are both located in the constellation of Carina, which already hosts a classical dwarf spheroidal galaxy (Cannon, Hawarden & Tritton 1977) , and therefore are assigned the names Carina II and Carina III. In the list from which we pick trustworthy satellite candidates with SL > 6, Car II appears as the most significant detection with S = 9.9, and Car III as the second most significant detection, with S = 7.6. On the sky, the two are very close to each other, only ∼ 18 ′ apart, but are detected as two distinct overdensities by our algorithm. Other candidates above the SL = 6 line are not obviously spurious nor obviously real, so more analysis/data is needed to confirm or discard them.
The left panel of Figure 2 shows the density distribution of the main sequence turn-off (MSTO) stars in the area around Carinas. The MSTO stars are selected with an isochrone mask based on an old and metal poor population at the distance of 35 kpc and r > 21. The map highlights the almost continuous MagLiteS coverage of the area and the stability of its photometry. Note that the r > 21 cut is just to select MSTO stars, and do not represent the limiting magnitude of MagLiteS, which is closer to ∼ 23 magnitudes. The outskirts of the LMC's disc are clearly visible, extending beyond 10 degrees from the Cloud's center. In fact, a diffuse stellar cloud associated with the LMC can be seen stretching as far as ∼ 15
• and engulfing the recently discovered Pictor II (Pic II; Drlica-Wagner et al. 2016a ). Carina II and III stand out dramatically in the density map at an angular separation of ∼ 18
• from the LMC. As this Figure demonstrates, the Carinas are ∼ 17
• from the Galactic plane. Despite the close proximity to the Galactic disk, the extinction is low and therefore does not seem to affect the stellar distribution significantly.
The right panel of Figure 2 presents the colourmagnitude diagram (CMD) of stars centered on Carina II. The portion of the CMD with r < 20 is dominated by the Galactic disc dwarfs (unsurprisingly, given the low Galactic latitude of the object), thus concealing the object's Red Giant Branch (RGB). Nonetheless, the pile-up of stars around the satellite's turn-off is visible at (g − r)0 ∼ 0.4 and r0 ∼ 21.5. Even more obvious are the Blue Horizontal Branch (BHB) stars at (g − r)0 < 0 and r ∼ 18.5. Additionally, right under the BHB, a sprinkle of stars that looks like Blue Straggler can be seen at (g − r)0 < 0 and r ∼ 21. Table 1 . Coordinates, period, amplitudes, mean magnitudes in gri, and distance for the 5 RR Lyrae stars in the DECam field. 
FOLLOW-UP IMAGING
In addition to the original MagLiteS data, two series of follow-up DECam imaging were obtained of the Carina II+III field during Blanco 4m Director's Discretionary and engineering time on the nights of 2017 January 17 and February 12, both of them with bright moon. During each of those two nights the Carinas were observed multiple times in gri over a period of ∼ 7 hours. Several u-band exposures were also taken during the periods of time on those nights when the Moon was below the horizon. In addition, several gri exposures were obtained on each of 2017 February 9, 10 and 11. In total, we obtained 42 epochs in u and 70 epochs in each gri. Exposure times were 120s in u and 60s in gri. Both galaxies were covered by a single DECam field. The observing sequence consisted of a [u]gri of a field in which Carina II was centered on one of the central CCDs of the camera (N4), followed immediately by another sequence with offsets in RA and DEC of 60 ′′ to cover the gaps between CCDs.
These individual exposures were processed with software equivalent to the standard DES processing pipeline. The astrometric residuals are ∼ 40 mas rms and the photometric calibration has an accuracy of 2% rms in gri and 5% in u. Objects were detected using standard SExtractor (a simple cut on |spread model| < 0.003 was used to separate stars from extended objects and objects with SExtractor flags < 4 were kept allowing close blends in this relatively crowded field at (l, b) = (270
• , −17 • ). Individual exposure and filter catalogs were matched using the STILTS software package 2 (Taylor 2006) . This yielded ugri lightcurves with up to 70 epochs for over 30,000 objects within 0.6 degrees of the center of Carina II+III. RR Lyrae stars associated with Carina II were identified as described below and used to refine the distance to the Carina II system, along with a number of field eclipsing binaries.
In addition to the light curve data, deep coadds were constructed from all of the available imaging data. Catalogs from these coadds were extracted and resulted in detection limits approximately half a magnitude deeper in g and r bands (r ∼ 23.5) than the discovery MagLiteS exposures themselves.
RR Lyrae Stars
To search for variable stars we used the time series data in gri only because the u data does not have an extended time baseline. We flagged stars as variable if the standard deviation of their magnitudes in each band is 3σ above the distribution for the bulk of the population (which is nonvariable) of similar magnitude. In order to avoid spurious variables, we required that the stars were flagged as variable in all 3 bands. The amplitude of variation of RR Lyrae stars is large enough in all optical bands that there is no risk of missing one due to this requirement. This selection results in 167 variable stars (0.7% of the total) for further study. The selected variable stars were then searched for periodicity using an implementation of the well known Lafler & Kinman (1965) algorithm that uses the information in all three bands simultaneously (see Vivas et al. 2016) . We searched for RR Lyrae stars in the range 0.2 to 0.9 days, and for SX Phe/δ Scuti stars in the range 0.01 to 0.2 days. In total we found 51 periodic variable stars in the field, 5 of which we classified as RR Lyrae stars. The remaining 46 stars were different types of eclipsing systems (see Appendix A).No short period variables exemplifying the SX Phe or δ Scuti stars were found. On the other hand, our cadence is not sensitive to periods larger than 1 day and hence, the Anomalous Cepheid stars range was not fully explored. Nevertheless, we looked at the time series of all variable stars candidates in the region of the CMD where Anomalous Cepheid are located, searching for smooth variations in timescales > 1.0d, and found none. Light curves in gri for the 5 RR Lyrae stars (3 of type ab and 2 of type c) found in the field are shown in Figure 3 .
We obtained mean magnitudes of the RR Lyrae stars by fitting templates from the library by Sesar et al. (2010) which is based on RR Lyrae stars in SDSS Stripe 82. The light curves were integrated in intensity units and the mean value transformed back to magnitudes. By using a template we overcome any possible bias in the mean magnitude due to uneven sampling of the light curve, as is the case for several of our stars (Figure 3 ). In Table 1 we provide coordinates, periods, amplitudes and mean magnitudes in each band for the RR Lyrae stars. The last three columns in Table 1 contain the separation in the sky (in arcmin) from the center of Carina II, the heliocentric distance which was calculated as described in § 3.2, and a variable designation (CarII-V1 to CarII-V3) for the stars which are members of Carina II.
From the spatial distribution of the RR Lyrae stars in the region (see Figure 4) it is clear that all but one of the RR Lyrae stars are close enough, < 11 ′ , to the center of Carina II to suspect a relationship. However, the location of these stars in the CMD (Figure 5 ) confirms that only 3 of them (MagLiteS J073637.00-580114.4, MagLiteS J073645.85-575154.1 and MagLiteS J073509.12-575714.8) are at the level of the horizontal branch of Carina II. These stars were designated as CarII-V1 to CarII-V3. Stars CarII-V1 and CarII-V2 were recently confirmed as members of Carina II based on their radial velocities (Li et al. 2017) . No spectroscopic observations for CarII-V3 are yet available.
Star MagLiteS J073704.16-575334.4 is at only 7.3 ′ from the center of Carina II but it is ∼ 0.8 mag fainter than the other three stars. Thus, this star, as well as MagLiteS J073843.91-582645.9, which is ∼ 33
′ from the center of Carina II and ∼ 2 mags brighter than its HB, are not associated with either of the Carinas.
None of the RR Lyrae stars are located near Carina III. If Carina III is confirmed as a UFD (rather than a stellar cluster), this would be the first of all satellite galaxies -that have been searched for variable stars -in which no RR Lyrae stars have been found (see compilations in Baker & Willman 2015; Vivas et al. 2016 ).
Distance to Carina II from RR Lyrae Stars
To calculate the heliocentric distances to the RR Lyrae stars we used the relationships for the absolute magnitude in the SDSS-i-band (iS, where the subscript S stands for SDSS), Mi, provided by Cáceres & Catelan (2008) , which are based on theoretical models of these stars in the SDSS bands, and depend on both the period and the metallicity for the star. Since our magnitudes are tied to the DES (AB) photometric system, we first transformed our i mean magnitudes to iS using
These transformation equations contain a colour term with (i − z), which we do not have in our time series observations. Because RR Lyrae stars have very small dispersion in the mean (i − z) colour distribution (Vivas et al. 2017) , we used the mean colour of the RR Lyrae stars in the globular cluster M5 ((i − z)0 = 0.013 and −0.006, for ab and c-type respectively) as provided in Vivas et al. (2017) . For the stars suspected to be members of Carina II, we assumed Table 1 . Thus, the distance to Carina II based on its 3 RR Lyrae stars is 37.4 ± 0.4 kpc, in agreement with the structural parameters derived from the CMD fitting described in the next section. Star MagLiteS J073843.91-582645.9 is a foreground halo star at 12.0 ± 0.1 kpc from the Sun, while MagLiteS J073704.16-575334.4 is behind Carina II, at 47.6 ± 0.6 kpc. The latter is located exactly at the distance at which material from the LMC would be expected (Muñoz et al. 2006 ). Spectroscopy will be needed to confirm if this distant RR Lyrae star is indeed associated with the LMC.
Properties of the Carina II RR Lyrae stars
The pulsational properties of RR Lyrae stars in satellite galaxies are useful to understand the role of these systems in the formation of large galaxies like the Milky Way (Clementini 2014; Zinn et al. 2014; Fiorentino et al. 2015; Vivas et al. 2016) . In particular, the mean period of the fundamental mode RR Lyrae stars (ab-type) can be used to classify the stellar system in Oosterhoof (Oo) groups (Oosterhoff 1939; Catelan & Smith 2015) . With only a couple of exceptions (Canes Venatici I and Ursa Major I, Clementini 2014) that belong to an intermediate Oo group, all other ultra-faint dwarf (UFD) galaxies have been classified as Oo II (see compilation in Vivas et al. 2016) . Carina II follows that trend. Although it has only 2 ab-type RR Lyrae, their mean period is 0.67d, close to the nominal 0.65d of the OoII group (Catelan & Smith 2015) .
With 3 RR Lyrae stars, Carina II resembles Leo V, a UFD with similar absolute magnitude, MV = −4.4, and containing also 3 RR Lyrae stars (Medina et al. 2017) . Ursa Major II and Canes Venatici II which also have similar brightness, MV = −4.0 and −4.6 respectively (Sand et al. 2012) , have 1 and 2 RR Lyrae stars (Dall'Ora et al. 2012; Greco et al. 2008) . Thus, the production of RR Lyrae stars in Carina II follows the trend of galaxies of similar brightness in the Milky Way system.
STRUCTURAL PARAMETERS
We measure the properties of Carina II and III by modeling the magnitudes, colours, and positions of stars extracted from the deep coadded images (see above) in an area ∼ 1
• ×1
• centered on Car II (see e.g. Martin, de Jong & Rix 2008; Koposov et al. 2015; Torrealba et al. 2016b , for a similar approach). To avoid density variations caused by spatially varying incompleteness as well as to avoid the contamination due to misclassified galaxies, we only consider stars brighter than 23 in g and r. We also correct for extinction using the Schlegel, Finkbeiner & Davis (1998) maps, but used updated coefficients for the DES filters, namely, Ag/E(B − V ) = 3.184 and Ar/E(B − V ) = 2.13. Additionally, given the close proximity of the two satellites to each other, we model their stellar components simultaneously. Therefore, our model probability density function (PDF) describing the positions, colours, and magnitudes of the stellar data has three components, namely, the background plus the two satellites:
where the product is over all stars within the modeled area. Φ = (x, y, g − r, r) is a shorthand for the observed properties of the stars, namely, the on sky positions (x, y), their colours (g−r), and magnitudes r. f1 is the fraction of stars in Car II, f2 the fraction of stars in Car III, and f b = 1 − f1 − f2 the fraction of stars in the background. Θ stands for all of the model parameters, which are divided between the three components using the same sub-indexes as the fractions f .
For each satellite, the PDF, Ps(Φ|Θ k ) is composed of the spatial model, Psp(x, y|Θ k,sp ), and the colour-magnitude model, P cmd (g−r, r|Θ k,cmd ). The spatial model for the Carinas is defined as a 2-D elliptical Plummer sphere:
wherer 2 =x 2 +ỹ 2 is the elliptical radius and
where the 5 parameters of the spatial model are: the center of the Plummer profile (x0, y0), the elliptical half-light radius a, the ellipticity e, and the positional angle of the major axis θ. The PDF in colour-magnitude space, P cmd , is defined using PARSEC isochrones (Bressan et al. 2012 ) populated according to the Chabrier (2003) stellar mass function. Specifically, this PDF is constructed on a pixel grid in the (g − r,r) space and the probabilities of finding a star in each bin given an isochrone are found by convolving the expected number of stars along the isochrone track with the corresponding photometric errors. This probability distribution depends on three parameters: the isochrone age, metallicity, and the distance modulus. One should be aware, however, that this approach comes with several limitations. In particular, the uncertainties in the modeling of the isochrones, which can give rise to systematic errors (see e.g. Drlica-Wagner et al. 2016a) are not considered. Also, the PARSEC isochrones only have metallicities down to -2.1 dex (Bressan et al. 2012) , and hence the presented approach cannot account for metallicities lower than this limit. Furthermore, the differences between isochrones become smaller at decreasing metallicities, making it more difficult to distinguish different metallicities at the low-metallicity end. This issue is of particular importance for faint satellites -like the ones presented in this paper -since the main effect of the metallicity to the shape of the isochrone, at fixed age an distance, is to shift the RGB, which is poorly populated in these objects 3 . The PDF for the stellar foreground/background population is also defined as the product of the spatial component and a colour-magnitude component: P b (Φ|Θ bg ) = P bg,sp (x, y|N bg , b1, b2)P bg,cmd (g −r, r). The spatial model for the background is defined as a bilinear distribution of the form:
where b1 and b2 define the two-dimensional background gradient, and N bg is defined so P bg,sp is normalized to one over the modeled area. The colour-magnitude component of the background does not have any extra parameters, since it is defined empirically by constructing a histogram in colourmagnitude space using the stars outside 20 ′ from the center of Car II, and normalized to unity.
The full model contains 20 free parameters, 2 for the background and 9 for each of the satellites. We sample the likelihood with the affine invariant ensemble sampler (Goodman & Weare 2010) implemented in the emcee python module (Foreman-Mackey et al. 2013) . We use flat priors over all the parameters except the spatial size parameter, a, of both satellites, for which we use the uninformative Jeffreys prior P (a) ∝ 1 a . We measure the best-fit parameters and their uncertainties from the marginalized posterior distributions as the 15.9%, 50%, and 84.1% percentiles. The values of the key parameters with their uncertainties are given in Table 2 . Note that since the errors in this case are symmetric, we report the average between the 15.9% and 84.1% percentiles in the table.
Car II is best fit by a mildly elliptical profile with e = 0.34±0.07 and an elliptical half-light radius of r h = 8. ′ 7±0.8, while Car III is much smaller at r h = 3.
′ 75 ± 1. It also appears to be significantly elongated with e = 0.55 ± 0.18. The best-fit spatial models are shown in Figure 4 . The left panel of the Figure shows the density map of the stars inside a mask created using the best-fit isochrone of Car II. We note that while this mask is not ideal for showing Car III, due to differences between the isochrones of Car II and Car III, the overlap between the two populations is large enough to reveal both overdensities on the map. In the right panel, we show stellar density contours together with the half-light ellipses of the best-fit models. We also show the BHB candidates selected within 0.3 magnitudes from the BHB ridgeline of Car II (III) in blue (cyan) and the RR Lyrae stars in orange. It is remarkable that BHB stars appear to be distributed more diffusely than the bulk of the other stellar populations (such as RGB and MSTO). Note that the spread out appearance of the BHB candidate stars, together In blue (cyan) we identify individual BHB candidates for Carina II (III), and in orange we show RR Lyrae stars identified at the same distance as Carina II. Note that the neither the BHB stars nor the RR Lyrae stars were used in the determination of the best isochrone and therefore provide an independent confirmation of the distance. For both Carina II and III the Hess difference diagrams and the CMDs clearly show prominent MSTO features that are absent in the foreground thus confirming that Carinas are geniune stellar systems in the Milky Way halo. The black dashed line is the g, r = 23 magnitude limit used in the modeling.
with the elongation of both satellites in the same direction might indicate tidal disruption.
The final confirmation of the genuine nature of the Car II and III system is given in Figure 5 , where we show the CMD and Hess difference diagrams for each object. Panels in the left column show the CMDs within 15 ′ for Car II and 5
′ for Car III, while the middle panels give the CMDs of the foreground stars from a region of the same area but at least 30 ′ away from the center of each satellite. Finally the right panels present the foreground subtracted Hess difference diagrams. The shapes of the spatial regions that define the Hess difference diagram as well as the isochrones (shown in red lines) are dictated by the best-fit models described above. The blue (cyan) points show BHB candidates for Car II (Car III), and the red dashed line is the M92 BHB ridge-line shifted to the distance of the isochrone. Note that the BHBs present in both satellites are not considered in either the modeling or the search, and therefore provide independent confirmation of Car II and III and their distance estimations. Both satellites have a clear MSTO -where very little background is expected, as shown by the background CMD -and are well described by the best-fit isochrones. As evident from the CMDs and the model isochrones, CarII and III clearly possess distinct stellar populations. Specifically, while both stellar population are consistent with an old (∼ 10 Gyr) and metal poor ([Fe/H] = −1.8 ± 0.1) populations, Car II has a distance modulus of 17.79±0.05, placing it at ∼ 36.2 ± 0.6 kpc, but Car III, on the other hand, has a distance modulus of 17.22 ± 0.10, which is equivalent to a distance of ∼ 27.8 ± 0.6 kpc.
Finally, we also measure the luminosity of the two newly discovered satellites. The number of stars with g, r < 23 Kim et al. 2015 Kim et al. , 2016 Laevens et al. 2015; Weisz et al. 2016; Luque et al. 2015 Luque et al. , 2016 Martin et al. 2016; Koposov, Belokurov & Torrealba 2017) and gray dots are the extended objects smaller than 100 pc from Brodie et al. (2011) . The black solid (dashed) line corresponds to the constant (effective) surface brightness (i.e that within half-light radius) of µ = 31 (30) mag arcsec −2 . The surface brightness limit of the searches for resolved stellar systems in the SDSS (Koposov et al. 2008 ) and similar surveys is 30 mag arcsec −2 .
from the best-fit model is 709±58 and 156±32 in Car II and Car III respectively. Combining the best-fit isochrones with a Chabrier initial mass function, we can estimate the absolute luminosity of each object. We measure MV = −4.5±0.1 for Car II and MV = −2.4 ± 0.2 for Car III, confirming that Car III is ∼ 7 times fainter than its neighbor.
DISCUSSION AND CONCLUSIONS
MagLiteS has explored uncharted regions of the sky in pursuit of an entourage of smaller satellites of the Magellanic Clouds. Using this dataset, we have discovered two new ultra-faint satellites in the vicinity of the LMC. Named after the constellation in which they are located, Carina II and III are separated by only a few arcminutes, making them a tight pair on the sky. Analysis of their stellar populations, supported by the presence of prominent MSTO features, reveals that they are relatively close to each other physically (separated by ∼ 10 kpc), but perhaps more interesting is that they are only ∼ 20 kpc from the LMC. Whether this association, with the LMC and between the Carinas, is physical or circumstantial is key to revealing their origin, and could be an important ingredient in measuring the properties of the LMC itself and the role of its satellites in the Milky Way halo. Figure 6 shows Car II and III in the context of the structural properties of the satellite population of the Milky Way. Both satellites lie in a region of size-luminosity space occupied by the ultra-faint dwarfs, close to the detection limit of current surveys. It should be noted that signs of tidal disruption, as hinted by the highly elliptical profile of Car III, and a diffuse population of BHB candidates present in the case of Car II, could lead to mildly inflated size measurements. Even in this scenario, both Carinas appears to be much too diffuse to be globular clusters, although for Car III, its smaller physical size may actually be consistent with the hypothesis of a disrupting globular cluster. Despite the strong structural evidence for Car II, the robust determination as to whether Car II and Car III are indeed dwarf galaxies or extended/tidally disrupting globular clusters can only be decided through the analysis of the kinematics and/or metallicities of their stellar members (see Li et al. 2017 , for a spectrocopic anaylis).
Anisotropy in the DES/MagLiteS satellite distribution
The distribution of satellites discovered in DES is highly anisotropic. DES satellites preferentially lie towards the southern edge of the survey, bordering the Magellanic Clouds, providing some evidence for a physical association between these groups (Koposov et al. 2015; Drlica-Wagner et al. 2015) . Figure 7 hints at a further anisotropy in the distribution of dwarf galaxies in the vicinity of the Magellanic Clouds. It shows the positions of all dwarfs and dwarf candidates within 300 kpc discovered in DES (blue circles) and MagLiteS (red circles). Other satellites in the region are displayed as gray circles. All three MagLiteS discoveries are well aligned with the line connecting the LMC and SMC. Additionally, 7 of the DES discoveries seem to fall along the same tight linear sequence on the sky. We add to Figure 7 the best fitting line to this subset of the DES satellites, the MagLiteS satellites, and the Magellanic Clouds. This line passes through the position of the LMC, while the standard deviation of vertical distance of the sample from this line is only 3 degrees. This elongation of the observed satellite distribution along the LMC-SMC separation vector is an interesting curiosity. Hydra II, which has been associated with the LMC leading arm (Martin et al. 2015) , sits at the opposite direction of the planar anisotropy traced by the DES and MagLiteS dwarfs.
What could the nature of this anisotropy be? An on-sky linear alignment could, of course, correspond to a 3D planar structure. Prior to any MagLiteS discoveries, J16 considered the group of 7 DES satellites with negative BMS, finding that they lie in a plane with rms thickness 2.7 kpc, which also contained both the LMC and SMC. Pic II, Car II and Car III have distances from the plane, as defined in that work, of 2.0 kpc (Drlica-Wagner et al. 2016a), 1.8 kpc, and 1.0 kpc respectively, i.e. all less than the originally quoted rms thickness of the plane. This may suggest that the Carinas, Pic II and half of the DES satellites may comprise a Magellanic satellite plane, though such a conclusion is highly speculative. When all of the DES and MagLiteS satellites are considered together their distribution may just be described by a broad ellipse, elongated in the direction of the line connecting LMC and SMC (e.g. the dotted ellipse in Figure 7 ), rather than a thin plane. For now, we simply note this interesting feature in the observed distribution, but defer quantitative analysis of the exact nature of this anisotropy to a future work. and amplitudes and mean magnitudes in gri. Notice that all but one of these stars are well outside the half-light radius of the dwarf galaxies and hence, they are expected to be non-members. Eclipsing binary star MagLiteS J073833.89-575638.1 is located within the r h of Car III but with no distance information is not possible to know if it is a member or just a chance alignment. 
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